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TITLE  OF  PROJECT:  Studies  on  the  epidemiology  and  control  of  filariasis,  with 


particular  reference  to  the  biology  of  the  vector,  Aedes  pseudoscute liar is  in  the 
South  Paoifio. 

Objectives:  To  determine  (a)  effects  of  climatic  factors  on  the  biology  of 
Aedes  Polynesians i3 ; (b)  the  genetic  relationship  of  Aedes  polynesiens is  vri.  fch  A . 
pseudosoutellaris ; (o)  the  importance  of  A.  polynesiensis  and  A.  pseudosoutel laris 
a3  actual  or  potential  vectors  of  other  disease  organisms;  (d)  to  complete  the 
statistical  analysis  of  the  mass  of  data  aocummulated  from  Samoa  bearing  on  the 
epidemiology  and  control  of  filariasis  in  the  Paoifio. 

SUMMARY  OF  RESULTS: 

A.  The  effeot  of  climatio  factors  on  the  biology  of  Aedes  polynesiensis . 

Dr,  Robert  Ingram  completed  this  phase  of  the  wrk  during  the  past  year,  and 
additional  information  is  available  from  the  investigation  oompieted  by  Dr.  Robert 


Wallis  on  oviposit  ion  responses  of  mosquitoes.  The  purpose  of  a study  of  -this  kind 
is  to  establish  the  basic  developmental  cyoie  of  a species,  and  the  effect  of  cer- 
tain environmental  factors  on  this  cycle.  With  this  information,  one  can  arrive  at 
a more  definite  understanding  of  the  biology  of  the  species  In  l'ta.natural  habitat. 
As  a result  of  the  work  done  in  our  laboratory,  wo  oen  make  the  following  summary 
of  the  biology  of  Aedes  polyneslensis ♦ 

The  eggs  are  laid  just  above  the  water  line,  on  a moist  substratum.  The  fe- 
males appear  to  prefer  a rough  surface,  and  force  their  eggs  into  oravices.  These 
oviposit  ion  habins  may  be  one  reason  why  the  breeding  habitat  of  this  species  in 
nature  is  comprised  of  coconut  husks  and  tree  boles.  The  rough  surface  of  these 
plant  water  containers  would  furnish  the  ovipositing  female  with  many  small  fis- 
sures and  irregularities  within  and  between  which  the  eggs  could  be  deposited. 

Eggs  which  were  kept  in  water  began  to  hatch  four  days  after  they  were  depos- 
ited? most  of  these  hatched  after  five  or  six  days;  but  some  did  not  do  so  until 
after  72  days.  A more  rapid  and  complete  hatching  took  place  v/hen  eggs  were  placed 
in  media  with  low  dissolved  oxygen  content;  Ingram  suggests  that  in  nature  this 
might  be  advantageous  to  the  species  in  that  breeding  waters  low  in  dissolved  ox- 
ygen oontent  might  indicate  the  presence  of  suitable  food,  inasmuch  as  such  media 
would  be  rich  in  organic  matter. 

Eggs,  if  kept  moist  for  four  days  after  having  been  deposited,  can  withstand 
complete  desiccation  at  room  temperature  for  at  least  30  days.  At  the  end  of  this 
period,  only  about  10  percent  of  the  eggs  hatched.  In  nature,  eggs  deposited  in 
coconut  husks  would  thus  be  capable  of  surviving  dewatering  for  periods  whioh,  in 
a tropical  climate,  -.vould  more  than  carry  them  from  one  period  of  rainfall  to 
another.  Furthermore,  as  submerged  eggs  were  shown  to  hatch  for  as  long  as  72 
days  ri'ter  deposition,  eggs  in  coconut  husks  might  survive  for  oxtremely  long  per* 
iods  of  time  under  conditions  of  incomplete  desiccation  and  in  a container  with 
very  high  humidity,,  Later  experiments  shewed  that  in  a climatizer,  in  -which 
temperature  and  humidity  could  be  controlled,  mature  eggs  kept  in  & saturated 
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atmo sphere  survived  for  a significantly  longer  time  at  lower  than  at  higher  tem- 
peratures. From  data  obtained  by  Dr.  Ingram,  it  would  appear  that  at  80°  F,  and 

95  per  cent  RH,  eggs  could  survive  for  at  least  two  months,  and  much  longer  at 
'00  F. 

A mosquito  speoies,  adapted  to  life  in  small  water  »ontainers,  might  be  ex- 
pected to  be  faced  with  the  problem  of  survival  during  frequent  periods  of  des- 
iooation,  of  long  or  short  duration.  Long  periods  of  drought,  as  during  a dry 
season,  could  readily  be  passed  by  A.  polynesiensis  in  the  egg  stage,  but  certain- 
ly short  periods  of  dewatering  (but  not  of  complete  desiccation)  must  occur  fre- 
quently in  coconut  husks  even  during  the  rainy  season.  If  such  short  periods 
could  be  passed  only  in  the  egg  stage,  drastic  set-ba«ks  in  the  population  of 
the  species  through  wholesale  destruction  of  the  larvae  might  occur.  It  is  not 

too  surprising,  therefore,  that  Dr.  Ingram  found  that  the  1?™*  * 

this  species  -were  remarkably  resistant  to  dewatering.  Some  larvae  could  survive 
dewatering  for  as  long  as  four  days;  but  younger  stages  were  more  susceptible 
than  were  the  older  stages.  Almost  all  of  the  pupae  were  capable  of  surviving  de- 
watering for  two  days;  these  gave  rise  to  apparently  normal  adults. 

Anathei  hazard  which  might  be  encountered  by  a mosquito  with  an  island  dis- 
tribution is  contamination  of  the  breeding  habitats  with  sea  water.  That  A.  pcly- 
--s?9nsis,  ls  capable  of  withstanding  such  contamination  was  shown  in  an  experi- 
ment m which  fourth  stage  larvae  and  pupae  were  able  to  develop  norma] ly  in  1.5 
per  cent  saline  solutions.  The  younger  larvae  were  more  susceptible,  but  60  per 
cent  of  even  the  first  stage  larvae  survived  1.0  per  cent  saline,  while  0.5  per 
cent  had  no  apparent  harmful  effect. 

Under  normal  conditions,  at  temperatures  between  70-S0O  F.,  the  larval  period 
was  passed  in  4.6  f 9.6  days,  and  the  pupai  period  in  1.8  to  5.7  days. 

In  the  laboratory,  the  adult  females  fed  upon  any  animal,  even  frogs,  which 
were  offered  as  a source  of  blood*  ^pn  was  the  preferred  host;  however,  it  would 
seem  -hat  this  species  would  not  be  dependent  upon  the  presence  of  man  for  its 
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survival  in  nature.  The  females  fed  most  actively  from  about  noon  to  late  after- 
noon . 

Adults  survived  for  periods  of  32  to  100  days  at  temperatures  of  70  to  90°  F. 
and  a relative  hunidity  of  75  to  95  per  cent.  The  females,  therefore,  are  fully 
capable  of  surviving  long  enough  to  permit  the  development  to  the  infective  stage 
not  only  of  Wuohereria  banorofti,  but  of  other  parasites  as  well  of  which  this 
species  may  be  a potential  vector.  A.  Polynesians  is  is  widely  c/H  tiibutod  in  the 
Pacific;  this  distribution  in  part  at  least  must  be  due  tc  the  ability  of  the 
adults  to  survive  for  three  months  or  more.  It  .losms  evident  that  this  species 
is  oapable  of  extending  its  range  even  beyond  its  present  limits  to  areas  where 
temperatures  range  from  70  to  90°  F.  and  where  a fairly  high  humidity  prevails. 

Adults  were  active  within  the  oolony  cages  through  most  of  the  day^  , but 
most  mating  took  place  9arly  in  the  morning.  Following  the  first  blood  meal, 
there  was  a preoviposit  ion  period  of  four  days;  oviposit!  on  was  followed  by  a per- 
iod of  two  to  throe  days  before  a second  blood  meal  was  taken.  Individual  females 
took  as  many  as  six  blood  meals,  each  of  which  was  followed  by  deposition  of  eggs. 
These  females  laid  from  60  to  89  eggs  per  blood  meal,  and  most  of  them  deposited 
a total  of  100  to  300  eggs;  a few  deposited  over  400  eggs. 

In  summary,  these  studies  show  that  Aedes  Polynesians  is  is  well  adapted  to  its 
natural  habitat.  Its  reproductive  potential  is  high,  and  it  can  survive  adverse 
conditions  rtiioh  would  be  fhtal  to  many  other  mosquitoes.  It  is  probably  oapable 
of  extending  its  range  beyond  the  limits  of  its  present  distribution.  It  can  take 
advantage  of  the  alterations  hi  its  environment  created  by  man  to  build  up  high 
population  densities,  but  appears  also  to  be  entirely  oapable  of  surviving  in  areas 
where  man  i3  absent.  With  respect  to  control.  Dr.  Ingram  points  out  that  one  can 
be  certain  of  complete  destruction  of  the  eggs  only  by  burning  or  burial  of  coconut 
husks  and  other  small  water  containers  used  by  this  species  as  breeding  habitats. 

As  the  larvae  are  able  to  survive  dewatering  for  four  days,  and  the  pupae  are  not 
affected  at  all  by  drought,  these  stages  may  not  be  adequately  destroyed  by  hap- 
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hs.ze.rd  overturning  of  cooonut  husks.  The  observations  made  by  Lt.  Jaohowski  aid 
Dr..  Otto  in  Samoa  indicate  that  control  measures  direoted  against  the  immature 
stages  would  be  the  most  effective  inasmuch  as  the  adults  are  active  and  rest  pri- 
marily in  the  bush  where  they  arc  not  c-S footed  by  residual  household  sprays. 

B.  Genetio  relationship  between  A.  polyneslensls  and  A.  pseudosoute Haris. 

Up  to  last  year  we  were  referring  to  the  species  on  Samoa  as  A.  paeudoscutellarls . 
Elizabeth  Marks  observed  that  the  mosquito  originally  named  A.  psoudoeoutellarls 
was  taken  on  Fiji.  Type  material  in  the  British  Museum,  and  also  specimens  from 
a colony,  maintained  in  the  London  School  of  Tropioal  Medicine  whioh  was  established! 
from  material  collected  in  Fiji,  showed  small  but  distinot  morphological  differ- 
ences from  the  form  which  has  a wide-spread  distribution  in  the  South  Pacifio, 

Marks  named  the  latter  A.  polynesiensis . This  situation  oreates  many  questions  of 
interest  to  workers  in  the  field  of  population  genetics.  Are  these  two  kinds  of 
mosquitoes  true  species,  or  are  they  sub-specifio  populations  of  one  species? 

If  experiment ion  • confirms  the  morphological  evidence  that  they  are  distinot  pop- 
ulations, either  at  the  specific  or  subspecific  level,  what  are  the  mechanisms 
which  led  to  this  division?  Are  there  differences  in  the  climatic  and  other  envir- 
onmental requirements  between  the  two  forms?  Are  they  equally  capable  of  disease 
transmission?  Do  they  require  different  measures  for  their  control? 

During  the  past  year  a colony  of  A_.  pseudoscute  I laris  was  established  in  this 
laboratory  from  eggs  sent  to  us  from  the  London  School  of  Tropical  Medioiiie.  Cross 
breeding  experiments  now  under  way  have  given  us  an  indication  that  these  popula- 
tions are  indeed  different  from  one  another,  but  as  yet  we  have  insufficient  evi- 
dence to  determine  whether  they  are  species  or  subspecies.  A.  pseudosoute liar is 
appears  to  be  more  susceptible  to  adverse  climatic  conditions  than  is  A.  polynes- 
iensis; this  may  be  a reason  why  the  latter  now  has  such  a wide  distribution, 
whereas  the  former,  so  far  as  we  know,  is  found  only  on  Fiji.  The  results  of 
these  studies  will  be  presented  in  more  detail  in  our  next  report. 

C.  A.  polynesiensis  as  a vector  of  other  diseases.  A*  polynesiensis  is  a member 

soutellaris  complex;  and  certain  other  species  in  this  group  have  been  sus- 
pected of  being  responsible  for  outbreaks  of  dengue.  Dr,  Leon  Rosen,  of  the 
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U.S.  Public  Health  Service,  has  observed  such  an  outbreak  on  Tahiti  which  seemed 
to  be  associated  with  A.  polynesienaisi  and  during  the  past  year  he  and  the 
principal  investigator  set  up  an  experiment  to  prove  that  this  species  is  capable 
of  transmitting  dengue.  Dengue  virus  was  obtained  from  Dr.  Albert  Sabin;  this 
was  inoculated  into  a monkey  (Maccaoua  oynomolgus).  After  an  appropriate  incu- 
bation period  several  lots  of  Aedes  polynesiensis  were  allowed  to  feed  on  this 
monkey.  These  mosquitoes  were  stored  in  the  climatizer  at  80°  F.  and  approxi- 
mately 95  per  cent  P.H.;  after  suitable  intervals  they  were  fed  again  on  three 
jfeoipient  monkeys  (one  M.  cynomolgus  and  two  lu.  rhesus).  Paired  sera  of  each  of 
these  monkeys  were  sent  to  Dr.  Sabin  for  testing  of  antibodies.  These  tests 
shewed  that  whereas  none  of  ihe  four  monkeys  was  immune  to  dengue  prior  to  their 
inoculation  with  the  virus,  after  they  had  been  inoculated,  the  donor  monkey 
and  two  of  the  three  recipient  monkeys  showed  high  antibodies  titres.  i/e  inter- 
pret this  as  strong  evidence  that  A.  polynesiensis  transmitted  dengue  by  their 
bites  in  this  experiment. 


D.  Analysis  of  data  bearing  on  the  epidemology  and  control  of  filariasis  in 
the  Pacific.  In  March  and  April  1953,  Lt.  L.  A.  Jachowski,  Jr.,  and  a technician 
returned  to  Samoa  for  the  final  evaluation  of  the  experimental  control  program 
(NM005-048.C8).  31ood  smears  were  made  from  nearly  1200  individuals  in  the  exper- 
imental villages.  These  slides,  received  at  Johns  Hopkins  in  September  1953,  will 
be  examined  and  the  results  incorporated  in  a paper  being  written  on  the  exper- 
imental control  studies. 

Additional  atypical  larvae  of  Aedes  polynesiensis  were  collected,  .nece  have 
been  studied  along  with  material  from  other  sources  by  Drs . Roseboom  and  Rosen. 


Sera  from  25  Samoans  were  collected  and  preliminary  studies  undertaken  to 
determine  whether  the  reaction  of  "immune”  serum  with  infective  filar ia  larvae 
might  serve  as  a diagnostic  tool.  Due  to  time  limitations  this  investigation  had 
to  oe  curtailed  and  only  inconclusive  results  were  obtained. 

The  environmental  sanitation  program  initiated  by  the  research  unit  in  1949 
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has  continued  and  the  appearance  of  the  villages  on  the  island  of  Tutiula  has 
markedly  improved. 

The  new  civilian  public  health  officer  urns  briefed  on  the  results  of  the  field 
studies.  In  "A  report  of  health  services  in  American  Samoa  1952",  Dr.  J.  C* 
Haldeman,  U S P H S has  limited  discussion  of  filariasis  to  a reprinting  in  toto 
of  ihe  article  by  G.  F.  *tto  and  L.  A.  Jachowslci  entitled  "New  Facts  on  an  old 
Disease"  which  appeared  in  Research  Reviews  in  August. 

PLANS  FOR  THE  FUTURE 

With  Lt.  Jachowski * s trip  to  Samoa,  the  field  investigations  have  come  to 
an  end.  The  analysis  of  the  data  collected  in  this  field  will  be  completed, 
and  Lt.  Jachowski  is  preparing  a paper  on  experimental  control  of  filariasis.  He 
also  pi  ans  to  prepare  a report  on  the  mosquitoes  of  Samoa,  which  vd  11  inolude 
data  on  distribution  and  biology.  He  has  found  larvae  of  Culex  sitiens  on  Samoa 

with  unusual  preclypeal  spines,  and  he  hopes  to  determine  the  taxonomic  signif- 
icance of  this  anomaly. 

We  hope  to  complete  the  cross  breeding  experiments  with  A.  polynesiensis  and 
A«_Pl.e^08cutellaris  during  the  next  few  months.  With  Dr.  Ingram's  study  as  a 
base  line,  it  would  be  interesting  to  carry  out  experiments  on  the  comparative 
physiology  of  A.  polynesiensis  and_A.  pseudoscutellaris  . We  are  making  certain 
comparisons,  such  a s the  relative  resistance  of  the  eggs  to  desiccation,  but  a 
thorough  study  of  the  various  aspects  of  the  biology  of  A.  pseudoscutellaris  will 
require  more  time  than  is  available  up  to  the  end  of  the  present  project. 

It  would  be  most  desirable  to  take  advantage  of  the  presence  of  colonies 
of  these  two  exogenous  species  in  our  laboratory  to  determine  their  respective 
roles  as  actual  or  potential  vectors  of  diseases  other  than  filariasis.  We  have 
shown  that  polynesiensis  can  transmit  dengue.  Many  details  as  to  its  effic- 
iency as  a vector  remain  to  be  determined:  the  titres  of  the  infecting  and  infec- 

tive doses,  the  length  of  t ime  the  mosquito  remains  infective,  and  whether  the  bite 
of  a single  mosquito  may  cause  an  infection.  Parallel  studies  should  be  made  with 
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— P»o»do3outellaris,  and  for  that  matter,  with  other  speoies  of  this  important 
complex  of  which  oolonies  oould  bo  established  in  our  laboratory.  The  role  of 
monkeys  as  reservoir  hosts  for  dengue  is  of  considerable  epidemologio  importance. 
Are  these  mosquito  species  potential  vectors  of  the  various  encephalitic  virus? 
Expansion  of  the  present  filariaais  project  to  include  other  diseases  would  be 
dependent  on  further  support. 
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